The study of heavy metals in water and sediment was carried out in the upper reach of the New Calabar River, Niger Delta region in Nigeria. Three sampling stations were selected which were Choba, Ogbogoro and Aluu. Water and sediment samples were collected and analysed, using the buck scientific Atomic Absorption/Emission spectrometer 200 A model. Water Physico-chemical parameters were measured in situ. Dissolved Oxygen had an overall mean of 4.17 ± 0.83 mg/l, temperature had mean value of 28.34˚C ± 1.07˚C, pH had a mean value of 5.52 ± 0.54, electrical conductivity had a mean value of 1123.39 ± 859.58 µs/cm, BOD had mean value of 4.45 ± 1.14 mg/l, salinity had a mean value of 1.47 ± 1.15 ppt while TDS had mean value of 598.13 ± 529.58 mg/l. Result of heavy metals in water indicated that Zn had an overall mean value of 1.77 ± 0.53 ppm, Cr had mean value of 0.65 ± 0.21 ppm, Pb had a mean value of 0.19 ± 0.11 while Fe had an overall mean value of 1.52 ± 0.34 ppm. Heavy metals in sediment indicate higher concentration than in Water: Zn had an overall mean value of 7.90 ± 2.59 ppm, Cr observed an overall mean value of 1.94 ± 0.81 ppm, Pb had an overall mean value of 2.23 ± 0.61 ppm, while Fe observed an overall mean value of 87.43 ± 6.57 ppm. The result indicated that the source of heavy metals in the aquatic environment could be industrial effluent, domestic waste, dumping of scrap, vessel in the water way and runoff from agricultural land.
Introduction
Heavy metal can be described as a metallic element, which has a relatively high density as compared to water and is noted for toxicity [1] . Anthropogenic activities like mining activities, disposal of treated and untreated waste effluents containing heavy metals from different industries e.g. tannery, steel, plants, thermal power plants and uncontrolled use of heavy metal containing fertilizer and pesticide which enters the aquatic ecosystem through runoff, cause threat to the environment and bio-organism [2] . Heavy metals are found naturally in the earth and become concentrated in the aquatic environment as a result of human caused activities.
Lead is the most prevalent heavy metal contaminant [3] . In water, lead levels in the aquatic environments of industrialized societies have been estimated to be two to three times higher than those of pre-industrial level [4] . Heavy metals pollution of the aquatic environment has long been recognized as a serious environmental concern. In the sea, pollutants, are potentially accumulated in marine organisms and sediments, and subsequently transferred to man through the food chain [5] . For this reason, determination of the chemical quality of waters, sediments and aquatic organisms, particularly the contents of trace metals is extremely crucial for human health status [6] . Heavy metal pollutants are of great concern because they are produced in large amounts and discharged into the environments. They are toxic to aquatic organisms and bio-concentrate within the organisms sometimes to the levels greater than that in the environment [7] .
Chindah and Nawaguibe [8] , reported that heavy metals occur naturally in the aquatic ecosystem and also as a result of waste discharges from industries and agricultural runoff, increased urbanization and as a result of increase in human population. Furthermore, he reported that heavy metals are biologically under-gradable when appeared in higher concentration but easily bio-accumulated in the tissue of aquatic organisms.
The sediment is a mixture of several components of mineral, species as well as organic debris, represented as ultimate sink for heavy metal discharge into the aquatic environment [9] . Yi et al., [10] observed that when heavy metals are discharge into the aquatic environment they can be absorbed by suspended solid and they strongly accumulate in the sediment. Moreover the sediment acts as a sink and also as a source of heavy metal [11] . According to Odiete [12] Sediments are commonly used as indicators for the degree of pollution in the aquatic environment [13] . According to Davies et al.; [14] , heavy metal concentrates more in sediment than in water. According to Issa et al., [15] , sediment is an integral part of the aquatic environment providing habitat feeding, spanning
and accumulation of heavy metal in the water columns. Contaminated sediment can cause lethal and sub-lethal effect in benthic and their sediment associated organism [16] . Sediments are integral part of the aquatic environments providing habitat, feeding and rearing areas for shell fish, fish and other fauna [12] . It serves both as a reservoir as well as source of contaminants to the water column.
Usually, the quantity of contaminants found accumulates in sediment to elevated levels.
Water is the most often polluted phase in the environment, which is attributed to the ultimate ending of contaminant in air, soil and land into the aquatic environment through local precipitation, water surface runoff and leaching of rock and solid waste [17] . According to Degregori et al., [18] , Man's activities such as mining, industrial processing of ores and metals, still remain the principal cause of the increasing amount of heavy metal in water; which are been dump in the Aquatic environment. One of the most challenging pollution issues is the accumulation of heavy metal in water owing to toxicity, abundance, persistence and subsequent bioaccumulation of heavy metal [19] . Omitoyin and Ajani [20] investigate the accumulation levels of the metals (copper, lead and zinc) in water samples in addition with studying the feeding habits of fish species in water, while Ayeloja et al., [21] studied Copper, Lead Cadmium, Zinc, Chromium and Manganese concentration in water. The discharge of heavy metal environment as pointed out by Abowei and Sikoki [22] that heavy metal could damage the ecosystem quality rendering water unsuitable to the intending use.
Heavy metal was of critical concern due to their ability to bio-accumulate in aquatic environment and their toxicity [23] as well as persistency in the natural environment. Recently different types of biomarkers have been studied and evaluated for their acceptability to detect the biological effects as a biomonitoring tool [24] . According to Dirican et al. [25] , heavy metals are the most important forms of aquatic pollutants and may accumulate in the tissues of fish, which are often at the top of the Aquatic food chain. The progressive and irreversible accumulation of metal in various organs of aquatic organism always leads to mental related diseases in the long run because of the toxicity of the metals. Among the aquatic organism, fishes are the important member which often accumulates metals in different parts of their body. The consequences of heavy metal pollutants in aquatic environment lie in two aspects with respect to their impact.
Firstly, heavy metal has the potency to persist in natural aquatic ecosystems of an extended period. Secondly they have the ability to accumulate in successive levels of the biological chain. Thereby causing lethal and sub-lethal diseases [26] .
There toxicity has been demonstrated long ago [27] . Exposure to heavy metals have been linked to developmental retardation [28] . Heavy metal toxicity in- [29] . The degeneration and malformation of the cell reflect one aspect of the cytotoxic input after exposure to pollution and serve as an index of cytotoxicity [30] . Biomonitoring is a promising tool for identifying pollutants (bio-indicators) that affect human and environmental health, is especially useful with organisms, which are exposed to biological system [31] . According to FAO/WHO [32] water is one of the most valuable natural resources and it is essential for the maintenance of all forms of life. Water temperature is one of the most important characteristics of an aquatic ecosystem.
O'connor [33] observed that temperature controls the rate of fundamental biochemical process in organism and consequently changes in the environmental temperature which influences population species. Temperature is measured in Celsius (˚C). Goldman and Horne [34] describe biochemical oxygen demand as the amount of oxygen required for microbial metabolism of organic compounds in water. Fish and other aquatic organism may die when oxygen is depleted by microbial metabolism [35] . Lau et al.; [36] describe conductivity as the measure of the ability to conduct electric current and is the reciprocal of resistance. It was also observed by Lau et al.; [36] that the conductivity ion comes from dissolved salts and inorganic materials such as alkalis, chlorides, sulfides and carbonate compound. Conductivity is measured in micro semem per centimeter (µs/cm).
According to WHO [37] . Dissolved oxygen can affect the solubility and availability of nutrients, which can be released from sediments under conditions of low dissolved oxygen. Turbidity in open water may be cause by growth of phytoplankton and other human activities which can lead to high sediment level entering the aquatic ecosystem. Turbidity is described as the amount of clouding in water. Turbidity in the aquatic environment is mainly caused by Silt, sand and mud; Bacteria and other germs; Chemical and precipitates. Turbidity is measured in Nephelometric turbidity unit NTU [16] .
Salinity is a measure of the concentration of the total dissolved salt present in water. Salinity is measured in part per thousand [38] . Power of Hydrogen (pH) refers to the measure of hydrogen ions (H +− ) in water which determine its acidic, alkaline or neutral character. Any particular water is a mixture of acids and bases and is the result of acid-base titration processes [39] . Seasonal variation in pH with higher values in the wet than dry season has been recorded [39] . Situation of non-seasonality in pH also has been recorded in some tropical rivers by Chindah and Braide [40] in the New Calabar River; Nkanta [41] in the Bonny
River. Boyd and Lichtkoppler [42] reported that pH of water body rises during the day and decreases at night due to the removal of carbon (iv) oxide by aquatic plant between 6.5 and 8; while in natural water pH value ranges from between 4 to 9. This river is of great economic importance as it supports a number of communities in the area with a wide varieties of human and industrial developmental activities. It has been reported by the locals, around its course to have a unique biodiversity with a variety of indigenous ornamental and food fishes; however there is a paucity of information on this river system [35] .
The pollution of aquatic environment with heavy metals has been a turning issue all over the world. This is because of their destructible and most of them have toxic effect on organisms [44] . Over the last few years, there has been a growing interest in determining the level of heavy metal in the brackish water environment. This has led to attention being drawn to the measurement of contamination level in the water [45] . Heavy metals including both essential and non-essential elements have a particular significance in eco-toxicology, since they are highly persistent and all have the potential of being toxic to living organisms. Heavy metal concentrations in aquatic ecosystems are usually monitored by accessing their concentrations in sediments, biota and water [46] . They generally exist in low quantities in water but subsequently attain considerable levels of concentration in sediments and biota [46] . Many of these heavy metals are toxic to organisms at low concentration [47] . The aquatic environment is encompassing and important as aquatic organisms may acquire heavy metals into their bodies directly from the water via their gills or food chain mechanisms [48] .
The effects of heavy metals concentration in the aquatic environment have attracted global attention [49] . The heavy metals concentration in water sediments and biota is caused by both natural and anthropogenic activities [50] . The heavy metal pollution is increasing due to the effect of urbanization and industrialization. Pollution caused by heavy metals is currently the major problem in many developing countries including Nigeria. Water and sediments are commonly used as indicators for the state of pollution in any aquatic environment [51] .
The Upper New Calabar River is connected to many river systems and also serve as point of discharge of domestic, industrial wastes in some areas along the length of the river and also runoff from agricultural lands always flow into the river system at different points. Metals are those elements whose atoms ionize by electrons loss. Metals are generally known to be reducing agents because they tend to donate their electrons readily during chemical reactions [52] . Heavy metals are inorganic elements essential for growth in trace or very minute quantities, toxic and poisonous in relatively higher concentrations, biologically undegradable but easily assimilable and bioaccumulated in the protoplasm of aquatic organisms [53] . In natural aquatic ecosystems, metals occur in low concentra- Although heavy metals are loosely defined as metals with relatively high densities, atomic weights or numbers; It is widely spread recognized and are usually contaminants of terrestrial and aquatic ecosystem. Many of these heavy metals are toxic in low concentration to aquatic lives [47] . Some of these heavy metals, such as Cd and Pb are toxic to living organisms at quite low concentration, whereas others such as Zn and Cu are biologically essential and are natural constituents of aquatic ecosystem but only become toxic at very high concentration [54] .
Materials and Methods

Study Area
The study area is situated in two local government Area; Ikwerre and Obio/Akpor) In Rivers State, one of the oil producing state in the Niger Delta, Nigeria. The study was carried out in the Upper New Calabar River (UNCR). The study area location is within the coordinate: longitude 7˚03"E to 7˚02"E and la- 
Sample Collection
Samples collection was carried out monthly for a total duration of three months;
between April and June 2017. Water physiochemical parameters were also measured in addition to determining the concentration of heavy metals in water and sediment samples which were obtained from each of the sampling stations.
Sediment samples were collected from each of the sampling station using the Eckman Grab in Which the top 20 cm of the bottom sediment was obtained and kept in labeled sterile bags [55] . The bags were rinsed with water at the point of sediment collection before the sediment sample were put into them. The meter was calibrated with buffer solution before it was used. Water samples for the heavy metal analysis were obtained from the respective stations at the depth of 50 cm below the surface and stored in 100 ml glass bottle in a refrigerator at 4˚C [56] . Sediment sample weighing 5.00 gm of the well dry and grounded. After it has been sieved into the beaker. Add 9 ml of HNO 3 as oxidizing acid to break the sample matrix and 3 ml of Hydrochloric acid. Add small amount of Anti-bumping to it, while heating on mantle. Rinse with some volume of distilled water. Heat until it volume reduced to about one third of its original volume and its color clear and turns yellowish. Stir it while on hot plate.
Filter it with whatman filter paper make its final volume to 50 ml with distilled 
Data Analysis
The data obtained were subjected to descriptive and inferential statistics. Descriptive statistics that were used; standard deviation and average mean to describe each of the water parameters as well as the concentration of heavy metal in water and sediment. That is the values obtained from the physiochemical and heavy mental analysis were subjected to statistical software such as SPSS to determine the means, standard deviation, correlation and to separate the mean at P < 
Results
The results of the water physiochemical parameters obtained monthly across the station; during the research study indicated that DO had value between 4.00 and Table 4 ). Mean with similar superscript along the horizontal row are not significantly different at P ≤ 0.05. (Table 5) .
Result of the spatial mean value of heavy metal in sediment of the research indicate that Zn ranged between 5.51 and 9.29 ppm, Station 1 had the highest mean value (9.29 ± 2.97 ppm) while the lowest value (5.51 ± 0.69 ppm) was in Station 3. For Cr, it range observed between 1.40 and 2.64 ppm with an overall mean of 1.94 ± 0.81 ppm. Station 2 had the highest mean value (2.64 ± 1.15 ppm) which the lowest value (1.40 ± 0.37 ppm) was observed in Station 3. while Pb ranged between 1.48 and 2.62 ppm with an overall mean of 2.23 ± 0.61 ppm. Station 1 had the highest mean value, 2.62 ± 0.29 ppm while the lowest mean value (1.48 ± 0.09 ppm) was observed in Station 3. Fe ranged between 79.44 and 91.99 ppm with an overall mean; 87.43 ± 6.57 ppm. Station 1 had the highest mean value while the lowest mean value (79.44 ± 2.02 ppm) was observed in Station 3 (Table 6) .
Correlation was also obtained during the research work were Chromium (Cr) correlated strongly positive (0.688) with Zinc (Zn) with P > 0.05, lead correlated strongly (0.673) and positively with Zinc (Zn) at P > 0.05, while lead also correlated strongly positive (0.877) with chromium at P < 0.05. Iron (Fe) correlated positively strongly with Zinc (0.631), chromium (0.752) and Pb (0.825) were P < 0.05 for chromium and lead while P > 0.05 for Zinc. This is as shown in (Table  7) . Correlation of heavy metals in water and physiochemical parameters was Mean with similar superscript along the horizontal row are not significantly different at P ≤ 0.05. Mean with similar superscript along the horizontal row are not significantly different at P ≤ 0.05. Key: ST 1 = Station 1, ST 2 = Station 2, ST 3 = Station 3. Table 7 . Correlations of heavy metal in sediment. (Table 8 ).
Discussion
The effect of water physiochemical parameters on heavy metal concentration are consistent with that of Kaizer and Osakwe [57] ; that temperature affect the concentration of heavy metal in the aquatic environment. That as temperature increase, the level of heavy metal also increase in the aquatic environment. It is also in agreement that the level of dissolved oxygen in an aquatic environment is inversely affected by the concentration of heavy metals.
The high value in electrical conductivity may be attributed to the increase level of heavy metal concentration in the water. Also it might be that as temperature increases, evaporation takes place and the concentration of ions present in the water will also increase which are also component of trace metals in the aquatic environment. The effect of total dissolve solid to heavy metals are in consistent with Dara [58] which implies that TDS are solid particles which dissolved in water. This solid comes into the aquatic environment as a result of runoff According to Eddy and Ukpong [59] . The relationship of pH and Minerals is dependent on the kind of mineral abundance in the aquatic environment. Heavy metal present in the water tend to affect the temperature of the water which in turn affect the pH attaining neutrality (pH7). Salinity is in consistent with Uyi [60] . That as salinity increases temperature also increase which also affect the concentration of metals in water. Metals are known to be ionizable ions which upon reaction can displace H + and form salt with Cl − which implies that the increase in salinity in water is as a result of the increased concentration of heavy metal ions present in water. This is also the reason why sample station with high salinity recorded high level of heavy metal concentration. The positive correlation between biological oxygen demand and heavy metal might be attributed to the fact that when heavy metal increase they assumed the "toxic level" which create toxic effect to Aqua-organisms resulting to death of many and as such increases the oxygen required for decomposition of the organisms which is BOD.
According to Eddy et al., [61] . Zinc is a major heavy metal which comes into the aquatic environment from domestic waste. The mean concentration of zinc in the study area was lower when compared with the concentration of 50ppm reported by Roster and Lange [62] for river sediment samples. The positive correlation between zinc and other heavy metal suggest that the source of input of zinc into the river might be the same when compared to the source of input of other heavy metals. Gumgum et al; [63] , had a contrary observed between Zinc and other heavy metals in the sediment.
The mean concentration of Pb in the sediment was below the concentration of 10ppm reported by Roster and Lange [62] for River sediment samples. This implies that the river is not highly polluted with respect to Pb and it source of input into the river system can be attributed to anthropogenic activities. The concentration of Fe in the sediment was observed to be higher when compared with values reported by Eddy et al. [61] and Dara [58] and was observed to be in consistent with Eddy and Ukpong [59] . The high of concentration level of iron in water and sediment is capable of causing corrosion of materials such as pipelines and can cause health problem [58] . The source of iron into the aquatic environment include scraps of iron metal thrown into the river, domestic waste and iron containing effluent from industries.
The concentration of heavy metals in the study area was higher in sediment as compare to water which is in consistent with the finding of Opaluwa et al., [13] .
The high level of Iron in this river may be due to the dumping of water vessel which oxidized and are situated to the sediment. Which is in agreement with Opaluwa et al. [13] . The mean concentration of heavy metals in the sediment where industrial effluent and runoff from agricultural land enters the river stream changes similarly in two seasons. In other words the average concentration of heavy metal accumulation in the sediment is lower in raining seasons than in dry season. April had a high concentration of heavy metal concentration in the sediment than June which could be attributed to high rain fall which resulted in the rapid dilution of the aquatic environment and give rise to flow of the water in the river. Due to the turbulence created by increase of flow, some sediment are carried away and displaced from the river bottom. During the Dry season (April experience Minimal rainfall as compared to June) Evaporation and temperature tend to be higher than in raining season which is in line with Ahmed et al. [64] .
There are also indication of increasing occurrence of heavy metal in the studied area which are principally attributed to anthropogenic activities such as the combustion of fuel by oil installations and automobiles, petrochemical industries, dredging industries and other domestic activities [57] . However, the level of heavy metal in both water and sediment varied significantly in sampling station: which is due to industrial activities carried out in the sampling station. Station 1 (Ogbogoro) has a high level of heavy metal in both water and sediment which is due to the increase industrial activities carried out in the studies Area.
Conclusions
The level of heavy metal is related with the physiochemical characteristic of the Upper New Calabar River in which some of the parameters have a positive correlation with the heavy metals while others have a negative correlation. Observations made during this research also indicated that water is the first point of contamination before the sediments. It has also shown that the level of heavy metal concentration in sediment is high as compared to that of water. Heavy metals are term as pollutant only when they assume their toxic level as some of them are needed by organisms for survival in minute quantity. Anthropogenic activities such as industrial activities, dumping of motorized aquatic vessels, domestic waste discharge are the major source of heavy metals in the aquatic environment while Natural activities such as runoff from: agricultural land, building site, Road construction area into the aquatic environment are also source in which heavy metals enters the aquatic environment. It is therefore recommended that: • Continuous monitoring of heavy metals concentration in water and sediment should be encouraged to attain the level of pollution in the aquatic environment. Sampling duration should be increase to ascertain the increasing level of pollution all year round.
• Adequate and proper enforcement activities should be carried out to ensure that companies sited around the New Calabar River observed proper waste management treatment measures before discharging to the water body. Dumping of scrap in the New Calabar River should not be encouraged.
